
Space science, i n  par t icular  the science of the solar  system, ushered k- = 
i n  tne sc i en t i f i c  renaissance. Today tne success of Yariner I1 marks the 

beginning of a new renaissance of space science, one tha t  promises t o  surpass 

the f irst  i n  increasing man's understanding of the nature and history of our 

expanding par t  of the universe. Quantitative spectroscopy, par t icular ly  as 

applied t o  the analysis of 'planetary atmospheres, w i l l  play an extremely 

important ro le  i n  t h i s  renaissance. 

Our present knowledge of the composition of ylanetary atmospheres is 

deduced almost en t i re ly  from the observed rotat ional  f ine  structure of the 

attenuation of sunlight. By such measurements, COh\was detected on Venus, 

1% C%j and wre found on the majar planets, and many of the minor 

constituents i n  our own atmosphere were ident i f ied.  

The a r r i v a l  of the Space Age has accelerated the application of spectrosco- 

py t o  atmospheric analysis. 

made by observing the absoq t ion  of sunlight from orbit ing s a t e l l i t e s  and 

flyby spacecraft. 

if the  constituents are uniformly mixed and the  l i g h t  path known, but even i n  

t h i s  case, the radiative t ransfer  a l o x  the inhomogeneous path must be undcr- 

stood. 

the re la t ive  composition varies with height, the interpretat ion of the 

Continuous composition measurements w i l l  be 

The interpretat ion of the measurements i s  relat ively easy 

Lf the atmosphere and i t s  clodds sca t te r  and r e f l ec t  sunlight or if 
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measurements i s  more d i f f i c u l t  ana requires both an understanding of the 

spectrum and a t  l e a s t  crude resolution of the absorption bands. 

An exciting possibi l i ty ,  and one tha t  will be used during t h i s  decade, 

i s  the ana3ysis of the thermal structure of planetary atmospheres from 

measurements of their  emission spectra as seen from outside the atmosphere. 

The shape of emission spectra i s  determined, fo r  a given composition, by 

the variation of temperature with height. Tnis height var ia t ion of tempera- 

tu re  can be obtained, i n  principal, by inverting the radiat ive t ransfer  

equatio\b-;(This principle i s  now being applied t o  meteorological soundings 

from satellites by the U. S. Weather Bure&f$/ 

(1,21 

Recent resu l t s  of interpretat ion of Venus spectra i l l u s t r a t e  the power 

of spectroscopy i n  atmospheric analysis. Venus i s  perpetually cloud-covered, 

and it seemed until very recently impossible t o  determine the character- 

i s t i c s  of the  atmosphere beluw the clouds. However, the analysis of spectra 

from earth-based observatories and from b r i n e r  allows us t o  f e e l  t ha t  we 

a re  beginning t o  understand the lower atmosphere of Venus. 

G i 3  years q o  by the  ident i f ica t ion  of l ines  i n  the 5v and 5v + (v 2v ) 

b a n w I t  is  the only molecule unambiguously ident i f ied.  Many of the 

Carbhc &O*;itL 
was detected i n  the Venus atmosphere by Adss and hnham t h i r t y  - - L 

A i  b B L 3  
.' 

A&s and Amham spectra were not reduced u n t i l  very recently. 

0 h i s s i o n  spectra were taken by Strong and S i z o w a n d  interpreted t o  
L 

.- - 
0 SI@ give a cloud-top temperature of about 2 3 9  K . iblicrowave measurements 

i n a c a t e d  temperatures of the order of 70dvK, which were variously in- 

terpreted as  surface temperature or  temperature of a very dense ionospere. 

The d i f f i cu l ty  i n  accepting sucn a high temperature as a surface temperature 
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is  obvious; an extremely e f f ic ien t  greenhouse e f fec t  i s  necessary t o  maintain 

it. 

Even before the microwave measurements from Mariu, the d i f f i cu l ty  

appeared t o  be on the verge of resolution. 

best of the Adams and knham spectra and found rotat ional  temperatures as 

Spinrad reduced and analyzed the 

high as 440' Kg w He a l so  measured l i n e  widths and obtained mean pressures 

as high as 5 atmospheres. A fur ther  analysis of these s p e c t F  led t o  the 

discovery of two sharp Boltznann rotat ional  maxima, one corresponding t o  

about 300' K and the other t o  about 700' K . %'$I 

This not only indicated that the microwave emission is  due t o  high 

surface temperature, but provided the clue f o r  i t s  explanation. 'ke  double 

maxima i n  rotat ional  temperature dis t r ibut ion implies a s t r a t i f i e d  cloud 

layer a t  a l eve l  corresponding t o  a temperature of about 400' K. All mole- 

cules t h a t  are l i ke ly  candidates for  condensation or  polymerization a t  t h i s  

temperature have CH bonds, and therefore absorb strongly around 3 9  p. 

is the  most important gap i n  the  C@and S O  spectra f o r  temperatures 

greater  than TOO0 K, and must be closed t o  maintain such a temperature. 

This 

The high surface temperature was ver i f ied i n  an unambiguous manner by 
1 )  the  Mariner microwave measurementi&khe problem now is  t o  account quanti- 

t a t i ve ly  f o r  the very great  opacity of the lower atmosphere by identifying 

the absorbing gases, determining the i r  spectra, and calculating the heat 

balance. 
&O) The resu l t s  of the Mariner infrared measurements . t o  the extent t h a t  

they are ver i f ied by calibration studies now under way, provide an excellent 

example of the  power of quantitative spectroscopy. The infrared radiometer 
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was a spectrometer only i n  the nost t r i v i a l  sense, i.e.,  i n  that it had two 

channels. Moreover, the resu l t s  of the wavelength discrimination were 

esseniitiiiy negative; witnin the apparent measurement errors,  the same 

radiation temperatures were read i n  both wavelength intervals .  

experiment provided significant information about Venus, and the s ign i f i -  

cance resulted from the spectrometric character of the radiometer. 

Yet the 

The channels were centered a t  an infrared window around 8+4 p and i n  

The purpose of the experiment was t o  v i  COAband around lo.$ p. 
@ 

the 3-  P 
study the cloud structure by determining i t s  opacity. 

darkening was obtained, with a 20' C gradient from sub-probe point t o  l i m b .  

The equality of the  radiation temperatures as seen by both channels indicated 

tha t  the radiation emanated f rom the cloud par t ic les  and tha t  the deepest 

l eve l  "seen" was high enough i n  the atmosphere tha t  the C02 absorption by 

the overlying air was small. 

lower l i m i t  of 2 or  3 km f o r  the cloud depth; and the absence of CO, absorp- 

A monotonic limb- 

The amount of l imb darkening puts an absolute 

t i o n  

even 

have 

L 

f o r  the ve r t i ca l  orientation implies t ha t  it i s  much deeper, because 

a very small f ract ion of ground radiation penetrating the clouds would 

indicated a marked difference i n  the radiation temperatures due t o  

strong absorption i n  the 10.4 p channel re la t ive  t o  tha t  i n  the 8c.4 

The radiation temperatures measured a t  the limbs were about 220' K; t h i s  i s  

an upper limit f o r  the temperature a t  the cloud top. 

channel. v 

The k r i n e r  infrared results show t h a t  broad band radiometry can be 

used f o r  sounding the Venus clouds i n  our 10 

the long-wave cutoff i s  shortward of strong Venus C02 absorption beginning 

a t  about 13;5 p and proper correction i s  made f o r  attenuation by OUT 

atmospheric window, provided 

4 
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atmosphere. However, during the next few years most of the new information 

about the structure of Venus' atmospnere will come from really quantitative 

spectroscopy. 
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